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ABSTRACT

1-nis paper examines the dynamic relationship between enerry consumption and economic growth in Sudan covering period 1984-2014. Using rhe

autoregressive distibuted lag model cointegration apptoach. Gross fixed capital formation (K), trade openness (OP), and Urban population (JRP) were
includ.eC es conhol variables. The cointegration results provide evidence on the existence cflcng-run equilibrium relaticnship among the tariables. In the

long run energt consumption has negative impact on economic grorvth. In contras! in the short run enErgy consumption shows diflerent impacts atthe level

and first difference on economic growththis atfibutedto fluctuations in oil production and Secession of southenr Sudan, which is considerthe main sowce
of petroleum resources. The implications of the study is tha! energl conservation policyregarding oil and gas would leadto improve in ecorromic growth
in Sudan, the shott run and long run plans of low-priced energX, generation domestically to meet increasing enetgy demand is highly needed policy as well

Keyrvords: Energy Consumption Economic Growth Autoregressive Dishibuted Lag Modet
JEL Classifcations: Q43, F43. Cl9

International Journal ofEnergy Econonlics and

PoLcy
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I. INTRODUCTION

The impact of energy consumption on economic growth has

attracted the interests of economists and policy rnakers in recent
times. According to Erbaykal (2008) the petroleum crisis in 1 970s

displayed the importance of energy as a productioil factor. Since
then, energy comes up as a production factor in addition to labor
anci capital. The world popuiation is rising rapicily, notabiy in the
developing countries. Historical trends suggest that increased
annual energy use per capita is a good surrogate tbr the standard
of living faftors, which promote a decrease in population growth
rate. If ihese trends contirue. the stabilisation of the world's
population will rcquire dre increased use of all sources of energy
as cireap oil and Eas aro depieied. The irnproved efficiency of
energy use and renewable energy sources will be essential to
stabilising populatior\ whiie providing a decent standard al1 over
the world (Omer 2007),

Akinlo (2008) using autoregressive distributed lag (ARDL)
bounds test to examine the causal relationship between onergy

consumptlon and ccononlic g[o■ yth for clevcn coullrics in sub―

SallalallAmca Using,the stuゥ hds that cllergy collsumpビ On is

conltcgttltcd with cconomic g■ ontl■ in Cameroon,Cotc d'Ivoirc,

Gambia, Ghana, Senegal, Sudan and Zimbab、 vc.Morcovct
this tcst suggcsts that cncrgy consumption has a signiicant

positivc long rlm impact on cco■ ollllC growth in Ghana,Iく cnya,

Scnc.・ al ttd Sudan,grangcr causalitrtcSt based o■ vectoF C■ Or

COllCCtiOn modcl(VECM)shOWS bi― dlrcctional rcla任 o■ ship
bcnvccn c■ cFgy cOnsun■ pdon and cconomic g■ owth for Galnbia,

Gh(ma alld Scncgal.Howcvc■ Grallgcr causality tcst shOws tha

cconomic『 o■vtll Granger calscs cneFgy cOnsump■ on h Sudan
and Zimbabwe.■Lc nШぼ譴iw hⅥ〕o由 CSiS is c鋭重rmed h lespect

of Callnclooll alld Cotc D'Ivoi■ c Thc samc result of no causality

was fuulld hi Nigclia,Kcnya alld Togo.Thc rcsuJt shows Jl江

cach countl■ r should fortnulatc appropriatc energy conscrvatlon

p01icics tttg into cognizancc ofhcr pcculiar colldi■ oll.

Encrgy is an csscntial ictOr in dcvc10pmcnt ir.ovcmcnt

sincc it stilnulatcs,and supports thc cconomic growth; and

thc dcvclopmcllt.ノ f`ter thc cnttgy αnsis in 1973,it has bccn

EE・

IJEEP
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rcalizcd unat fossil fucls,cspcci■ ly oil and namFd gaS,そ
re in■ c

in cxtcnt,and should bC rcgalds as dcplctlng asscts,alld Sincc

rhat tilnc thc cド、rts al・o ollontcd to scarch loi nttv sourccs of

cnCrgy Sudan likc rnost oftllc oililnporti■ lg countllcs surCrCd a

lot fl・ olll Sharp incrcasc ofoil priccs ill thc last decadc Spcnding

most of its hard olrcncy calllings in illlporting oil,but could

not rncctthc incrcaslng dcn■ and fo■ cncl_Ry Dcspitc tllc fact that

thc oil bill consulllcs mOFC tllan 5096 of thc incomc camings

bllt oil rclDrcscnt on貯 abOut 17%oftottt cllcry cOmumptlo■

(OmCT,1998)

Rcccnt hc■ casLtt cncrgy dcnland cal■ bc covcFCdPa五 al157 thl・ oⅥ妻1

rcncwablc cncry According to Omcr(2015)“ Sudall'S rcncwablc

cncrgy stlatcgy is、vell intcratcdむ lthC National Encrgy Plan and

``clcarly spcllcd Qlt''in thc Natlollal Ellcry Pollり ,morc is yct

to bc do■ c

Mishra ct al_(2009)お ulld tllc創 lcrgy― goss dolmcsic Product

(GDP)ncxuS fOrtlacpallcl ofpacinc islalld oountrics口 lc Grallgcr

causali″ tcSt ShOws that thcrc is bidlrcc● onal cattali″ bcい〃CCn

cllec9 consulllptlon alld GDR Energy consumption and GDP

ha■le positlvc c∬ectt on cach otllcr forふ c wholc palc1 0zttllk

ct al.12010)cXmincd tllc cttsiiサ rclatiOnship bctwccn cncrs

conslmpt10n and coonolluc『 ovrth by ushg ttc pancl data of

cncrgy co“ umption(EC)and CCOIDClmiC rowth(GDP)for 51

coulltllcs i01n 1971 lo 2005 Tllcsc cOunb■ cs arc ttvidcd into

山 ccincome groups:Lou′ hcolllc g10up,llllddlC ulcollle grOup and

uppcr nliddleincomc ttp・ ThCcausalitytcstisapplicdtolcvcal

tllc way of causaLり bcいrCCn EC al■d GDP Thc rcsultrcvcalsthat

tllcrc is long tcrn Grallgcr causality rl― g iolll GDPto EC iDr

10w incOlllC COuntHcs and bidrcctiOnal causalitybctwccn EC alld

(lDP lorlo、ァcr and uppcr rniddlc incomc group

Thc innOvativc of ilb■ s papcF iS tO Cont五butc in iitc■ aturc rcitltcd

to cncttt sttldiCs in Sudan ulus,thc rcmaindcr of this papcr is

OttaniSCd asお 1lo、ぉ .Scction 2 brieヽ /rcvicws tllc lircra施 rc rcLted

to tllc rclationshllo bctwecn cllcrgy conS■ llllpdon and cconomic

growtil_ Scction 3 prcscnts the ecor■olF■Ctric lllctl10d and〔 lata

Scction 4 illusttatcs tllc elnpil・ical rcsults and dlscttscs.Sectlon

S pro、れdcs coiiclusions aiid policy illlplicadons_

2.1´ lTERATL RE REY:Eヽ ヽF

Thc lolationship bctwccn cncrgy consunlption and cconol■ lic

groWEh has lcccivcd[「 cat attcntloll of thc acadcllllic rcscal chcFS,

intclnational organizatlons,andins● mt10ns paltlcul[ビ ly in last●″o

は3cadcs_Ajlouni(2015)invcStlgatcs tllc causatlo■ link dircdion

bcnハ/ccla cllcrgy consulmptlon a1ld cconoFniC g10wth in Jordan

using allllual data ovcr thc pcriOd 1980-2012 Thc ARDL bound

tcsting approach to co― intcgratlon was cluploycd tO cstimatc

thc clasticidcs oftadilonal ncoclassical aggFCgentcd productio■

inction.Emp五 cal indmgs showcd Positivc 10ng― lllll and Sho■―

側阻clastici,of olltput witt rcspcc― tto cnctw_GFang釘 _Causallty

supports ic tcdback hypoicsis.Thc cals重
=olatioLsh■

of

cncrgy consull■ pLom狛d ccono口直cg■owth wぉ invcstむ atCd by
Abid ttd Scbli(2011)LI ttC tinlc iamc ol 198じ 2007 using
′ヽECNI approach in Tmlisia Thc cmpirical indi■ g sl10WS that

in ovcrall cconolllic pcrspccti、 アc cnergy consunptioll lead io

lligher cconolnic pelfon■ 組ce,While ir.scctorallcvcl encrgy uscs

lncgatlマ Cly an cct ccol10111iC gronth_

柵 』器 Wttl[1‰ 品 :雅 路 ∬ W
祖d Grangげ caslisra"rOachcs wclc emp10ycd)K■ lldll■ c rcsuns

indicatcd a lolng‐ tcrln cqullib面 ulll rclationship bcい vccll cllσ ttV

conslllllption and rcal(]DR In thc shortl■ ln,thc total cncrgy

consumption and production Oranger causc GDP during thc

pcnod 1953-2007 in働五la_Thc salllc rcsultsヽ vcrc supportcd by

Pcng and Sun(2010)whO poSitcd that bi¨ dむcctional ca■lsali五 cs

cxist bc● vccn CTDP atld cnctgy consump■ on in the sholt alld long

rlm in Chil■ a Zllongnlin alld Bingshi(2010)fOCuscd ollly on

Shaallxi Provincc_Tllcy■ Lqcd silllplc rcgcssion and found a lilllc霞

lclationshlp bcttccn economic glowtll and cnclgy consumption

ioln 1985 to 2008.

0云面k a1ldAcaavci(2010)uSIngARDLmodclandECNImcthod
ulvcstigatcdthc ca“ al rclatlonshlp bctwccn cncly consumption

and cconomic gowihinAlbamaぅ ButtaFia)Hullgary andRomallia

o・′crthepcliod 1980-2006.Grallgcrcausaliサ tCStrcsults rcvealcd

bidilcctional ca■ Qaliサ only fOr HungattL

IttC and Riaz c008)usc PakiStan dah and cxamincd thc ncxus

bctteen eco■ onllc growth and encrgy COnsumption fortllc pcriod

of 1971-2007 bascd on ARDL forlm of GallgcrcalLPaliり In thC

short― run thc causaliけ tCSt Shows bi―dircclonal rclationship

bet、vccn thc variablcs, and one way causality running lioln

cconomicぎ o■vth to ellcrgy consmption in thc lollg― rtlll Ellげ gy

consumptiO■ do not inHucllcc CCOn01nic」O■th in thc long― rllll

bccausc higherpl・lccs OfCnttBy ll■ay induccthc cost dong bushcss

tO upswge、 vhich willlcad cller.7 Щcsto amcctcconomic.al o、 ゃ■1

ncgativcly

Chaudll彎√ct al.(2012)illvCStigatc thc rclationship bcい ″ccll

cncrgy consul■■ption and ccononlic growth foI PJLstan bascd

o■ armual dala fOr thc pcriod of 1972-2012 Thcy argucd tllat,

thc dcmalld for cncrgy is inclcasillg rapidly in thc globalizing

world lヽost of thc countl■ cs arc facing shol■ agc of cnclgy and

conscqucntiy it is scvcrCly amcc」 ng tilc ccomomic g10、 vtil ln

Pakistan,thcFC iS insuiclcl■ ti■■vcstlncnt in tllc cucrgy sccto■ to

thc cxtcllt tilat l■ ■aJOnty Of oollll■ lacial cncFgy lniastlucturc is

still undcrdcvclopcd Thclc arc nlany naws in thc dcmand sidc

and suppiy sidc cspccially κlatil娼 lo pay■ncnts.Conscqucntly

a hugc amount is disbuFSCd On account of circulaF dCbit in

Pakistall.Tllcir cmpiHcalJ csuits statc that,■ lc consumptiol■ of

clcctticity is signiical■ tけ Stimulating cconomE gFOWth alllong

otncr sourccs of cl■ crgy Thc oil consumption is aiso amccting

cconolnic growth advclscly bccausc of its lllgh volulllc of

ilnpOlt,Thc va■ iabic Ofllladc Opcnncss has alsO pOsitivc impact

on cconolnic『 o、江h in■lc pc面 od Thc study has ilmportant

policy jmplic‐ ation for Pakistan's cconoiny■ lat thcrc shouid

bc shit iom cxpcllsivc importcd fllcl(oll)tO indigcnously

availabl● altclllattvc fuc](gas or COal)in ordCF tO rCdtlcc

ilnpori bul dcn and conscqllcm(ly currcnt account bJancc.Tllc

govcmmcllt should Hlakc shoftl■ ■as、vcll as lollg fui plais of

low―p● ccd cncFgy gcncration dolllcstically to mcct thc nccds

of higil enertt conSt證lptton
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聾 職 押    欄 勲

WCl‐C COintegatcd                       ity tCSt rcvcal

Ш皿畿 oはonalcausality rumlng from non‐ rcncwablc encrg llSes

tO CCOnomiC gron仙 .

Solann ct al.(2016)inveSdgatc dle urbanizatioll,EC and gro、 岨

lm溜潔緊L翼鰹Ⅷ電器露温獣棚
is also caused by thc EC,urbamzation and tradc varlablcs.

Fldhcl■nore,this mlght bc collllcctCd With thc lcvcl offllalldal

cxclusion in Nlgc面 a,in thc scnsc that maJoriり Of thOSC that

consulllcs fOSSil hcl arc nnancially cxcludcd thercfofc thcir

constunptionmavnotiduenccmandal htcrtncd“ on.EcollomlC

growth is also ncgativc but si.qlincant at 19る which incans that

increasc in the cons― ption ofenc〔wbyl°/。 lcads to a dccline of
ccOnomic grondl by O.5 thatineans rnorc consmpdon of cllcrgy

is a dctHmclltto thc gn〕¬th ofthc Nヽ gcrian ccononly in tllc long―

mn(All et al.,2015).ThiS inding also substantiated thc resulヽ

of Hyc and Riaz(2008);Abid and Seb五 (2011):Chanduret al

(2012)and U9躙 Ct al(2014)tllat Cncrgy cOnsumption advcrscly

a∬3cted econonlic groull For cxamplc Chaudhy et al_(2012)

arttcs that oilis highly lmpoltcd lll Pakistall which may lnclcasc

Othcr pttccs and hcllcc inCrcasc thc cost OfdOing busincsscs,this

lllay negativcly a■ ctgrowth mye and R■ az,2008).

Chien and Hu(2008)uscd thC Structural cquation lllodeling

appFOaCh tO shOw dlc cffccts of rcllcwablc cncrgy on thc GDP

of l1 6 coullt面 cs Thcy dctcrlllincd that rcllcwablC Cncrgy has a

pOsidve and signincant ettect on capital formation and that tllcrc

alc rclationships between rcllttvablC energy alld GDP throllgh alc

illcrcasc in capital fonnati011_

Blldirici(2016)analyZCd thc rclatiOnship bcttccn cconomic

growth and hydrOpower enetty co■ sumpdon.According lo thc

rcsults ofthc shOrt rLul Causalitt thCrc is c宙 dcncc to supportthc

growth hypOthcsis h1 0ECD count面 cs with high lllcOmcs.Thcrc

is cvidcncc to support tllc consttation hypothcsis for Bttzil,

Finialld,Francc,PIcxico,由 cU.S and Turkcy Thctulidヒ cctlonal

causaliサ goCS frOm cconOmic gFOWth tO cncrgy cOnsumptloll

and suggcsts that the p01icy of cotteⅣ ing hydropower cnergy

C01lSulnptiOn inay bc implcl■lcntcd■7ith Lde orllo advcrsc cttDcts

on ccollomic grOmh in less cliCrgy_dcPcndcllt cco110miCS

Fratai(2014)rcasSCSScd thC Causal rclalo■ 動ips betwccn cncrgy

consunlptiofl alld cconolllic g■ oMll■1 18 Sub― Saharan Afl・ ica
coulltrics Over thc pcriOd 1 980-201l Thc rcsLll“ Of pand co―

intcgration tcsts show that cllclgy collsumption and ccOnomic

grouth do have a stable long¨ l■lll equllibriulln ielatiOtth“ 』LCre
is ullidirectional causality ri・ oln cnarw collSump● on to cco■101nic

JOWtllill East and thc Sout■lu■ Attca Sub itgiolt,・which suIPOIも

■c gro¬th hypothesis As a FCSult,the rcla“ d auttorhies in hc

roglons shouldtよ ca,pcCialintofostil cL面crcnt sowsOS OfOnこ 曹
and invcstrnorc in this scctO■ lnakc suitablc policics in this rt‐ gard

ald缶d new alteriiative and cheap sOurccs ofcnergy.But thcrC iS

no causality bet\ryeen energy collswnption and economic gro${h in

Central ani the WestAfrica Sub-region, which is il line with the

neurrality hypothesis. In other-words, tion

and e"ooo*ii gtowth ate neutral with Clur

results confurn-the inconclusive nanlre ship

between energy consrilnption and econornic gro'*th'

Odhiambo (2009) using ARDL bormce test and granger causaliry

test examined the relationship between energy consurnptiot and

economic growth in Tanzania from 1971 to 2006' The result

revealed a long run relationship between energy consumptlon

and economic growth which the granger causaliry sowed a

unidirectional causalify lunning from energy consumption io

economic growth as well as EC to economic growth. The results

imply that energy conselation policies would have damaging

repercussions on economic growth forTanzasia.In similar vein.

Odhiambo (2010) reassessed the causal relationship between

energy consumption and economic growth in three SSA countries.

He added the prices as an additional variable because ofits etltcts
on both energy consumption and economic growth. He discovered

that the causaliry between energy consumption and econorric
growth varies significantly across the three countries. The results

indicated that for South Africa and Kerrya thereis a unidirectional
causal relationship fiom energy consumptionto economic growth.

while tbr Congo (DRC) it is economic growth that drives energy

cotrsumptlon.

3.卜lETHODOLOGY AND DATA

3.1,Data
■■is snldy uscd annual data cOvcrcd tte poriod iom 1984 to

2013 for Sudan Tllc variables incottorated are GDP uscd as a

proxy for cc(mOmic growdl,cllcrⅣ COnslllllpJo■ cC),Gfoss
ixed capital foFluation(り,Tradc(OP),and urban population
URP).Data of(GDP)pcr Capita mcasulcd in constant 2005

US dollars,cncrs collsulupicDn mcasucd as EncFgy uSC(堵

of oil cquivalcnt pcr captta),GrOss nxcd capital fonnatiom(%

of GDP),tradC Opcnness(OP)Tncasurcd as sun Of cxports and

impOlts as pclccntagc Of GD■ and Urban populatio■ mcasurcd
as pcrcclltage of total pOpulation.All thc data obtaillcd from

World Bank WoFld Developmcnt lndicators(WDI).All thc

varlablcs arc transforllled to thclr namal 10ganthms to avoid

the heteroscedasdci与

3.2.卜 lodei SpecincatiOn

ln thls study tbc ARDL bounds tcst dcvcloPcd by Pcsalan ct al

(2KX11)WCICuscdto cxalnincthclongrtlnandsho■ llmrclatiollshp

bctwccn cncrgy cOnsutnption and cconomic」 o宙h,Thc ARDL
coilltcgratioll appFOaCh havc bccll uscd fOr lmany advalltagcs

h cOmpanson with O■er comicgration mettds.Unlkc o■cr
comtcgratlon tccLコ iques,the ARDL bounds tcst approach can

bc apphcd rcgttdlcss of whcthcr thc undcllying rcgrcssoFS arC

integated of order one I(1)or OFder Zero I(0).Secaldlゝ the

ARDL tcst L mittlc in c、こOf smali samplc sizc.Tllむ dし 血C
ARDL gellerally p【 Ⅳides llllbiased estimatcs of the l(mg― rLul

皿OdCl and valid t― statistics,alorlg tho sttM il■ c thc Augmcntcd

Diよcy―Fullげ tADF)teゞ wll beШ edtOinve■ lgate ifthc vttiables
ale stationav Or nOt
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Thc′ IゝNDL modelto the

exprcssCd bcloW、

vanablcs hColporatcd h tbC Sttdy is
Thcゞabili″ Of tlle l

testcd■ LSl■ g clunulatiV

cumulatitt sum ofSqu

proposcd by B■ OWil et al.(1975).

4.EヽIPIRICAL RESULTS AND DISCUSS10N

To CnSLllC that no variablc is fttd tO be stalonaw at I(2)山
c

鰤 黒驚翼』器皿Ⅷ ∬:鳳11群ml
illustratc L Tablc l.

Thc rcsult of unit root tcst in Tablc l indicatc that cncrgy

consumptioll and urban population arc stationaり at lCVCl this

implics■■■cyどcI(0),whiC∝Onomic_gron慟 ,gOss hcd
capltal foFmatiOn, and tradc arc non―stationary at lCVCl but

s●tion岬 江缶st difFcrenccmctt thcy are I(1).SInCe■ c mitr00t

resuL shows that onc variablc ls I(0)alld the Othcr threc are I(1)

ThШ,脚 L is mitablc mctllod to rapply(Pesarall ct al,2001)h
ol・der to mentitt the existencc of long― run■ elationship bcttcen

thc variablcs■lsingコ RヽI)L bollttd icst proccdllre

nc´JtDL bounds tcsung appFOaCh to coilltcgration tcstt thc
cxistcncc of~long run Tcla6onship bc● vccn thc vanablcs.Thc

approp五 atc lag ordcr selcctio■ is bな cd on AkJkc inforln・ atiOn

critcnon(ATC)to prcccdc tl、c ARDL boulnds tcstlng apprOach

tO cOintcgmtion.Lag lcngh hclps in capturing thc dン 咀amic

rclaticlnshlps to sclcct the bcstA肛 凡 Inodel to esttatc_Lblc 2

rcpolts thc rcsults of bounds test to co■ ltCgration.

Null hypothesis:No long‐ rtlll rclationsh● s exiSt f01low Tablc 2

tiJc as2姐 RDL― coillteyatlon tcst rcsults

Tablc 2 11lustratcs thc rcsult of bounds tcst approach to Co‐

intcgratlon.This rcsult rcvcalod that thcrc is an cxistcllcc of co―

il■tcgratiOn amOng thc vanablcs a.s hdicatcd by is● 恒dics valuc

of(6.821185)which iS grcatcr than the lower and uppcr bound

valucs at 10/。 level of signincance.Therefore,this is a sufacient

proof of thc cxistenco of a long― rtul equilibHulll rclationship

bctwccll cncrgy consumption and cconOmic groLvth in Sudan

bc仲ccn 1984 and 2014.Bascd oll ttc result llull hypOthcsis of

no cointcgration was racctcd耽 :∂1=ら=∂3=2=O alld acccpted
山e dtermative hypotheds Hll a～ 2却3≠ο4≠O atl°/・ Jttdicallce
lcvcl.Sillcc thc variablcs wcrc cointcgratcd,the ncxtis to estllnatc

側r Equaticln o)t00btain tbc long―lu coemcimむ i thc FCSult is
rcpoltcd in Tablc 3.

ThclcpllgrtmcodmcicntsinTabic3arcdlcclasucidcs,bascd oll thc

ARDLmodclthclongrllll el器饉cltlcs arc statistically si騨 置cantat

l°/。 lcvcilor ic cncrgy cons― pdoll vnth negatlvc sign rclatcd to

CCCpl10mlC go瓢虹 grOSSttKcd capml fo―tion and楠■ opcnllcss

arc statls五 cally signincant at 5ウ

`lcvcl,while wivan pop■
uatiOn

is statls● cally sigllincant at loO/0 1evel.This implics that a 10/0

inけcasc m cncrgy ConsllmpliOn iead to dccrcascs ul rcal GDP

pcr cttitc■ by 4.129%.This aldtt also substalltiatcd tl■ c rcsults

ofHyc dnd Ri出 (2006):Abid a■ d Sobri(2011l Chaudtt ctal`

(2012)and U,all ct al.(2014)that Cncn翌 /COns― ption advcttcly
arected ecOiomic gro■ ■ll FoF eXttle Chaudbly直 J(2012)

十Σ}33二“̀
→

十Σ}24巫″∝→+Σ}25夏″υЖ写. 0
+Э lLη GD尋1+∂ 2LれEc_十 ∂3Lれ Kf¬ +01二れ0■_1

+Эぅ二′,aR弓 1+ε′

Whcrc:Ln GDP is the log ofpcr capita real GDP:TnFC log of

encrs consumptiOn;LnIC thclog ofC―ioss nxcd capital i〕 rinado■ l;

LnOP lo3 0f Tradc Openllcss:LnURP log of Urball populatioll;

△is tllc nrst diferencc opttato.r:8[iS thc whitc noisc ci■ Or tCrm;

n appropttatc lag lcngtll ofthc nttt diffcrcncc sclcctd bascd on

ハkaikc infЭ lllladon c五 tclioll(公 JC)

Thc bolmds tcst procedulc going」 ■ough johL F statlstic(Or

Wald stadstic)for COintcgration allalysis.F― st証stics distlibutcd

und"出 c■■1域pOmesis cfno ccintcgration bchvc錮 Ⅸalr.Lcd
variablcs Thc null hypothcsis of no cointcgration alllong the

varlおlcsin Eq.(1)iS HJ∂ |=∂2=∂3=■=∂s=O against■c alt田皿ivc
hypotllcsis HI:∂

1≠
∂ノ亀≠04≠05却 WЫ Ch aSSC■ mc cxistcncc of

long―祀n rclationship amOng thc vanabics.

Thc cstimatcd F‐ statistics、 vill colnparc vrith Lb」 atcd cntical

value ofPcsaall et al.(2001),ifthC value ofF‐ statistics is above

tlle upp∝ gdtical value thc null h37pothcsis ofno comtegmtion is

rlCCtCdV7111chimplicsthatval■ ablcs wcrc cointcぎ紙 d HoWC■7Crj

ifF‐stalsics is lcss than thclowcr citical valuc thc nullll,potllcsis

calanot bc rc」 cctCd Whicll suggcsts■ o lo■ g― run rclatiOnship_Aftcr

establisung thc existcncc of long― mn cointegation rclationship

alno■ g thc varlables undcr cOnsideFatiOn the next stcp is to tcst

dlc lclllg■me価ects alld thc shcr卜 m d57namics using ttc ECM.
Wh∝c,ECM uscd to ind out thc spccd of attustmCnt tow獅 山
the long― mn cquilibrium patt if anv divergence occuttcd h the

sho■―l■ln■鵬,thclong mlcocicicnts ofsclcctcdARDL」vcn
in cquation(2)bcloW:

守 器 威 11雉 _11:Ы
Q¬ 十ЭJ』正‐ CⅡ口

②

Follo覇/ing thc bounds tcsting appFOaCh the ECM wcrc applicd

to dctcr■ linc the dynamics of thc va五 ablcs in mc short― l■Jn as

follows:

△五″GDη =α O+Σ〕ら1△Z″ GDζ .+Σ]22△ZPIIEc.十Σ〕33△工7〃鴇→

瓦
“
鋼 all+レ IMη叫 打 +ン 2“ηEC■

+fa"uno4-,+fu,,vrr-irL',-,+6ECM,-,+8, (3)

Where: ECId.,r' the error correciion term, 6; is the speed of
adjustment parameter and must have a statistically signiflcant
soDmciEnt'lyith a ncgatiyc sign, A negativE 00EIn0ienr 0f thE Error
correction t€r'm assu.res the convergence ofsystent, it also indicates
tlte long-run relationship arlrong the variables.

:回 ■
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Table l:ADF unit roOt tests results

Constant/Trend

Wi」L COnstant

ヽltll Constant&Trcnd

Witto■ lじ COnstant&Tl・ cnd

卜StattsiC

Prob

←Statlstlc

Prob_

卜StadstiC

PFa■

GDP
_01132・°

09398
o l120・
°

0、9962
1.8339・

U

■9∂′θ

ELECT
4、3491n。

10000
2.6847n。

10000
5_1634胆

「.J′θθ

OP
-15774°°

04844
-1 7347n。

0.7154
-0.9562'°

■296J

StatistiCS AC Level

EC
-1_7643n“

03917
-4.8899オ **

00017
-2.1497■■

aJJ2J

At First I)ifference

With Constallt

With Constant&Trttd

Without Constant&TFCnd

t― Statistic

Prob

■sLusic
Prob

卜Statistic

Plob.

d(GDD
-06494■ 0
08457
-8260■ ■キ

00000
04662E°

08100

dC■め
-52969■ *=

00001
-5_3308■ +ネ

00006
-64789■ *オ

00000

d cLEの
-0.3776u。

09023
-5.4831■夕・

0.0003

13967n。

0.9564

d(OP)
-3.4345■ *

0.0159
-3.3512■

0.0739
-34838■■黎

00010

Signif cmt ar thc l0olo; '*signifHt ar thc 5g.i,: *+*signffirot ar thc 196; lry lcngth tvued m Arc this result is dre out-put [l Progm hru dweloped by Dr Imadeddin AlMosbbeh'

College of Businms ud Economics, Qusim Univemity-KSA. ADF: Augmented Dickey-Fullcr

Table 2: ARDl-cointegration test results

ARDL:Autoreぎ cs」vO diStl■ butcd lag

Table 3:Long run coet■ cients estilllla“ on based on AIC

Vadable    Coernclent   std.E「 FOr  t‐ Stadstlc    P
LOG(EC)   -4129814   0_592361   -6971782  00001
LOG(K)    0239542   0093831   2552896  00310
LOG(OP)   0.276228   0.122273   2.259104  00503
LOG(lttP)  0.668822   0.325900   2.052231  00704
C            44593552     4251838    10488065   00000

AIC: Akaike information criterion

argues that oit is highly imported in Pakistan which may increase
other prices and hence increase the cost of doing businesses, this
may negatively affect growth (Hye and Riaz, 2008). In cotrtrast,
a 17o increase in gross fixed capital forrnation, trade openness,
and u'ban population will increase the real GDP per capita by
0.239%,0.276r;, and 0.668%o respectively. This resuit provides
an evidence for the heavy dependence or imported of energy
resources, fluchraiion of energy productiou and Secession of
southern Sudanwhich provided about 70% ofthe energyresources.

Alter analyzing long run relationship between tle variables u'e
fiiove to estimaie ihe short-run coefficients the resuit plesonied
in Table 4.

The result in Table 4 indicates that energy consumption hils
significant positivc inrpact on rcal pcr capita GDP implics rhat
increase in energy consumption lead to increase in the real GDP
and overall economic perfom*rree in Sudan in the shott run.

However, trade openness and urban population have signiflcant
positive impact on real GDP. This irnplies drat an increase in

廿adc opcmlcss and urban popul血 on could ups‐ ge the real GDP

which is consistent with ll■ c thco17 0f tladc lcadダowth. Thc

elror corrccuon tcrlll is ncgativc alld statlstlcamy signiflcant at

l°/O lcvcl rcpo■ tcd thatthc ECM 17aluc codh鵬 tllc hcメサ Of

long rtu■ rclalionsiP Thc ECM cocmcicl■ t Evcalcd that oncc

therc is dlsc叩 JHbHurn■l ie system,can bc adJtttcdback towards

long― l■l■ cqullibrilltn lcvel at thc averagc spccd of O.560/0.Tllis

mldhg was c。 1laboratc by BancJee et al.(1998)wllo aSSCltcd

th‐at a highサ si31iflCalit la圧 ョcd cllor collcctiOn tcl■ ns plovcs ic
cxistcncc Of long― rlul rclatlonship bctwccn thc vaFiablCs and its

abiliサ to adillSt■ Om ds"ullib五Ш .

Thcsね biliサ OfARDLlo.ngimmodclpanmctrs wぱ c ttaminCd
using thc culη ulativc suln of thc rccursivc rcsiduals(CUSUM)

and ic cul■ulativc suln of■c squarcs of rccursivc residuals

(CUSLnISQ)tcsts),thc glapLical results prcscntd in Fi理 興rcs l

and 2■っcctiVely.11lustta鯰 止at,residuals were withn the cridcal

boun山 江5%lcvcl of dgndcallcc.This sipdics tllatthc ARDL

csim■cs ttc dynamicJly alnd structurally stablc、 co1lgstcnt alld

rcliablc.

5.CONCLUS10NS AND POLICY

IMPLiCAT10NS

Thc ptcscntsmdy mvcs丘 gatcs tllc long rulll lcla五 onshp bctwccn
cncrgy collsumption and ccOnonlic gro■ th in Sudan 1984… 2014
Thc ARDL modol bollnds tcsting approachcs to cOintcgra● on
wcrcapplicdtotestthccxistenceoflongmFClallonshipbcい vccn
enσgy consullp」 on,grossAxcd capit」 follmtion,tlade opcnncss,

uFban pOpuladon and cconolnic growh.

Thc cmpi五cal f∝ults conul■ c cxistcllcc of10nbOrtulreladonshlp

bcnⅣccn cncrgy consul■ption,ぎsss fiXCd capital」 01■nation,廿adc

opcnncss,urban poplllation and eco■ olnic groⅥth_The long l■ ln

csjlmatd paralnctcrs(Clasjcidcs)bascd m Jlc ARDL modclthc

lol■ g rull clasicitics are datistlcally sigdcant at 10/。 levcl fOr

LhO CIlugyじ 0■ sufllpuuII wi山 ■o8dLIV1 51り l rdatcd LO Cじ O110111iC

『

owth,gFOSS iXed capital fo■ lllatiOn and tladc opcnncss ttrc

statisticJly signincant at 5%level,while Lllban poptllation is

Tcst statistic
F-staListi c

Cridcal value bounds

Significance
100.'o
!o/

2.5y,
L/D

Volue

6.82!185

10 bCDEInd

245
2_86

325
374

k
4

1l bound

352
4_01

449
506
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Table 4:Short run analysiS

vanable
DLOG(GDP(-1))
DLOC(EC)
DLOG IT_C(-1))

DLOG IEC(-2))
DLOG的
DLOG 6(-1))
DLOG O((-2))
DLOG(OP)
DLOG(OP(-1))
DLOG(lttP)
Dl.OG tURP(-1))
DLOGt―   (‐

2))

ECNI(-1)

Standard er『 or

O.236670

0.164649

0.273504

0232099
0038262
0041442
0.028047

0035201
o044768
1.901843

4380425
2141707
o_099482

coemcient
0367920
-0376175
1046200
0487794
o004706
0073812
-0.052605

o096890
-0136416
6698300
-2400068
-2562981

0561115

tStntiStiC

l.554569
-2284712
3825169
2101670
0122988
1781086
-1875585
2752499
-31347190

3.522005
-0547908
-1196700

5640386

P
01545
o.o482

o.Ol141

0.0649

o9048
01086
00935
0.0224

o_0139

0.0065

0.5971

02620
00003

ECヽ1‐LOC tGDP)(-4 1298Ⅲ LOG(EC)102395攣LOG IK)+0‐2762率 LOG(OP)+06688*LOG(URP)+445936)

Figur-e 1: Plot of CUSUM test with 95% confldence intervals

:∬∬五li稚盤謂T彙葛鼈[■:‖猟滞
il盤

選
glceli and rcncwablc cncigy scc“ to Frovidc cffcctivc policy to

promotc cconOn■ ic E「 oML alongthc綴誼nc linc,ざ osS fIXCd capital

島Inlation,廿adc opcnncss and urban population considcrcd as

m■poltant fhctors to suppo■ econonuc grouh_

Fulthcmorc,policythatrcduccs the cOnsumpdoll ofilnpolted oil

and gtt would stabilize ccono■■c gFO■ th.■creforc,to achicvc

growth and sllstainablc dcvclopmcnt this stu■ rCCOmmends

dcvclopmellt ofgrcen and renewablc cne〔w sourccs that、 vould

compcnsatc fol thc rcductlon in pc廿 ol and gas co“ umption h

llldusial scctor The stud37 haS inpoltallt p01icy implication that

thc cconomy should be sЫ n iom epcnsivc impoltcd icl(oll)

to ava・ lablc alttrnttivc ttcl(gas Or coal)to rCducc illlport burdcn

alld conscqucntly cuご rcnt accoullt balancc. Thc govcrnincnt

should makc sho■ mtl as well as long rLln plans of lo、 パ/―piCCd
cnqgy gcncratlon dttcstlcally to l■lcct thc nccds ofhigh cncrgy

consulnptioll_
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